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Architecture Services Tutorial

Architecture services are C++ models for analyzing the performance of architecture
resources and communication patterns.

In this tutorial, you will perform the following exercises:
m  Create a Behavior Diagram

m  Create an Architecture Diagram

m  Create a Mapping Diagram

m  Run a Simulation

In addition, you can perform the following supplemental exercises:
m  Add Memory Reference Calls to a Blackbox Model

m Create a Custom Architecture Model

/ Important

To provide optimum screen space for the Cadence® Virtual Component Co-Design
(VCC) tool, you should use the tutorial in printed form. Print the PDF version of this
tutorial before you begin the exercises.
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Start the VCC Software

1. To start the VCC Create software, choose Start > Programs > Cierto VCC > Create.

2. If VCC Create opens with all the toolbars expanded, use the View > Toolbars menu
command to close them:

0 Choose View > Toolbars > <Toolbar name>.
O One at a time, choose each of the toolbars with a check in front of it.

Closing the toolbars gives you more screen space for your designs.
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Create a Behavior Diagram

A behavior model defines the functionality used in a simulation. The behavior diagram you
will create contains instances of behavior primitives, parameters assigned to those primitives,
and wires connecting the primitive models.

Instantiate the Behavior Blocks

1. Choose File > New.

New

Diagram | Source Codel Anal_l,lsisl

Palette
; tate Transition

Description

Select the type of document to create.

G|

Cancel

2. Double-click the Behavior icon.

A new empty design titled Behaviorl opens.

i Behaviorl

KIS

A

Note: To toggle the grid on and off, choose View > Grid.

March 2001
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On the left side of the Create window is the expanded Project Folder that contains all the
libraries you can use (these are defined in your cds.lib file).

EI--@ Froject Folder

¢-fifs, add_mult
add_rult_zdlrmm
add_rmult_zdlomi
add_rmult_zpwwaomi
add_rult_testbench
belt_controller_behay
cycle_beky
cycle_test
cycle_type
CycleEcos

March 2001 8 Product Version 2.1



VCC Architecture Services Tutorial
Architecture Services Tutorial

3. In the Project Folder, expand the add_mult_testbench library, then expand the
int_source cell.

4. Instantiate three copies of the int_source symbol view in your design.

To instantiate a copy, click on the symbol view, drag the symbol to your design, and drop
the symbol.

% Behaviorl =

EI--@ Project Folder

[+ add_rrult
-- add_rmult_zdlmm
-- add_rmult_zdlomi
-, add_mult_spwomi 2o (M
= add_mult_teztbench /
B int_sink 1
=-EE int_source
..... @ blk_cpp
BB interface
22l Symbol o
+-E& real_sink T | ™
+-ER real_source
H-EF sink_display
[+-figs, belt_controller_behay
[+]- cycle_beby |
[+ cycle_test
[+]- cycle_type .
+-fffs, CycleEcos e O
[+-k%, trpes
[+-fiks, WCC_ArchitectureServices
[+ s, WCC_ASIC
[+ ik, YCC_Bus
+-figs, WCC_CPU 1| |

5. When you finish instantiating these blocks, click the minus sign to collapse the expanded
int_source cell.

Leave the add_mult_testbench library expanded.

Note: If you don’t collapse each cell after you use it, your Project Folder will grow
increasingly long, making it hard to locate each subsequent cell in this tutorial.

March 2001 9 Product Version 2.1
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6. In the Project Folder, expand the int_sink cell.

7. Instantiate a copy of the int_sink symbol view in your design.

iy Behaviorl =

EI--@ Project Folder
' add_rmult

int_zink,

+-E& sink_display

cycle_beky
cycle_test
cycle_type
CycleEcoz
tvpesz

fis, VOO _ASIC
{is, VOO _Bus
fis, VOO _CPU

wa, VT Mabanlke

[ O g g e Y g e g O g e O ey O |
| I S i by i oy iy L iy By L L gy |
", ", ", ", ",

add_rmult_zdlmm
add_rmult_zdlomi
add_rmult_zpwwomi
add_mult_testbench

belt_controller_behayw

it WCC_ArchitectureServices

Inkgm

Inkgm

8. When you finish instantiating this block, click the minus signs to collapse the expanded
int_sink cell and the add_mult_testbench library.

March 2001
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9. In the Project Folder, expand the add_mult library, then expand the adder cell.

10. Instantiate a copy of the adder symbol view in your design.

i |

Behaviorl =

EI--@ Project Folder
Elﬁ‘ add_rmult
=-EE

Inkgm

e e P S e R P |

[+ add_rnult_zdlrmm e
+-fifs, add_mult_sdlomi e Of
[+ add_rult_zpworni

[+ add_mult_testbench

[+ belt_controller_behay

[+ cycle_beby

s cocla bast ol

11. When you finish instantiating this block, click the minus signs to collapse the expanded
adder cell.

Leave the add_mult library expanded.
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12. In the Project Folder, expand the multiplier cell in the add_mult library.

13. Instantiate a copy of the multiplier symbol view in your design.

iy Behaviorl =

EI--@ Project Folder

Elﬁ‘ add_rmult

-EE adder

B8 Architecture_asic
-- Architecture_software
-- Architecture_bwoazics
B8 Map_asic

B3 Map_poindexter
B8 Map_twoasics

= &3

Inkgm
Tumia

2% HE

£ 1
add_mult_sdimm T\u
Jumien m

add_rmult_zdlomi
add_rmult_zpwwomi
add_mult_testbench
belt_controller_behayw
cycle_beky

cycle_test 1 | |

~oela bima

o O g g e Y g O e O ey O |
| I B iy by Ly bl oy By L gy i |

14. When you finish instantiating this block, click the minus signs to collapse the expanded
multiplier cell and the add_mult library.
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Save the Behavior Diagram

When you save a diagram for the first time, you must specify a library.cell:view for the
design.

1. To save the behavior diagram, choose File > Save.
VCC prompts you to choose a library.

2. To create a new tutorial library, enter the name Tutorial in the Library field, then click
Open.

VCC prompts you to create the new Tutorial library.

Lave As 27| % I
Loak jr: I @ Praject Folder j !I ﬁl [z e
add_mult | Py —— EE—EPU
add_mult_ CC_Defaults
add_muilt : : : CC_E wporters
_racdlt_ - —
add_mult_ & Do you wizh to create the libram Tutarial’ T FizedPat
add_mult_ CC_Intemnalz
belt_contn Cancel | CC_Intermals
cycle_beh CC_Memony
< I

2l
Library: ITutu:uriaI Open |
Wiew: I Cancel |
Show views with: IBehaviDr Files [*.beh) j

3. Click OK in the dialog.

VCC creates the new Tutorial library and prompts you for a cell name.
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4. Enter the name behav_system and click Save.

The view name defaults to behav.

Save As [ 7]
Loak in: I ﬁ_\ Tutorial j ﬁi Usze view:
& hehav
Lel: Ibehav_s_l,.lstem Save I Create Behavior
Wiew Ibehav el |
Show views with: |Behaviar Files [~ bek) =]

VCC adds your new library and cell to the library list.

-- cycle_type
-- CpcleE cos
El Tutarial

- - behav_spstem

-- types
[+ WCC_ArchitectureServices

Note: If you were unable to complete the steps to instantiate the blocks:

0 Close your Tutorial.behav_system:behav cellview
0 Open Tutorial Examples.Examplel:behav

0  Save the example as Tutorial.behav_system:behav

March 2001 14
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Specify Parameter Values

The inputs for this behavior model come from the three integer source blocks. You will assign
each of them an integer value of 1, 2, and 3, respectively.

1. Right click on the first Integer Source symbol and choose Properties from the pop-up
menu.

|
Tew View...
—  Edit¥igw...
Bind View...

—  Dezcend...
J EsEn

Cut

= Com
Paste
Duplicate
Delete

Froperties...

oE o

The Properties dialog opens.

2. Click the Parameters tab on the Properties dialog.

Properties [_ O]

Block. | Portz  Parameters | temary Heferencesl TimerHeferencesI

Mame | Type |‘I.I'alue @;I
O

Y Vale Integer 0 ]

3. Double-click in the Value field, then replace the zero with the integer 1.
4. Click OK in the Properties dialog.

5. Repeat steps 1 through 4 for the other two integer source blocks, setting the value to 2
for the second block and 3 for the third block.

Note: If you were unable to complete the steps to set the parameter values:
0 Close the Tutorial.behav_system:behav cellview
0 Open Tutorial_Examples.Example2:behav

0 Save the example as Tutorial.behav_system:behav
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Wire the Blocks

Connection wires connect outputs to inputs in the behavior diagram. You will wire the blocks
in the behavior diagram in the following way:

0  The outputs of the first two Integer Sources are inputs for the Adder.
(Add 1 + 2to get 3))

0  The output of the Adder and the output of the third Integer Source are inputs for
the Multiplier. (Multiply 3 x 3 to get 9.)

O  The output of the Multiplier is the input for the Integer Sink. (Discard the 9.)

1. Rearrange the blocks in this general order:

: o

Inzper

2. To add a wire, choose Behavior > Wire.

3. Click at the starting point for the wire (an output), then click at the ending point (an input)
to terminate the wire.

VCC automatically inserts bends in the wire; you need to enter only the beginning and
ending points.

Note: After you have wired a block, you can move the block and the wires move with it.

4. Wire each of the blocks as shown in this diagram.

March 2001 16 Product Version 2.1
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Generate a Netlist

The Generate Netlist function verifies the syntax of your code and reports any errors.
1. To generate and verify the code for this diagram, choose Tools > Generate Netlist.

VCC reports the success of the code generation in the text field at the bottom of the VCC
Create window:

Info: Code generation for Tutorial behay_spsterm:behay was successful,

AR LR, Netist

If the code generation was unsuccessful, the messages should help you understand
what went wrong. For example, the message might tell you that your design has a
parameter with no value.

Error: Parameter ‘Value’ has no value.
{in /(Tutorial.behav_system:behav)l_O}:

2. If VCC reports any errors, correct them and regenerate the netlist until all errors are gone
before proceeding with the exercises in this tutorial.

Note: If you are unable to successfully generate the netlist:
0 Close your Tutorial.behav_system:behav cellview
0 Open Tutorial_Examples.Example3:behav
0  Save the example as Tutorial.behav_system:behav
3. To save the behavior model, choose File > Save.

4. To close the behavior model, choose File > Close.

March 2001 17 Product Version 2.1
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Create an Architecture Diagram

An architecture model defines the resources used in a simulation. The architecture diagram
you will create contains instances of architecture primitives, parameters assigned to those

primitives, and buses connecting the primitive models.

Instantiate the Architecture Blocks

1. Choose File > New.

Hew EHE

Diagrarn | Source Codel .f-‘n.nal_l,lsisl

(=4 Architecturs
BT5| Bichavior
a Dirawing

= ;
| M apping
Palette

k84| State Transition
{2l s ymbol

Diezcription

Select the type of document to create.

[ f2 | Cancel

2. Double-click the Architecture icon.

A new empty design titled Architecturel opens.

e
-

ot o

Note: To toggle the grid on and off, choose View > Grid.

March 2001 18
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3. In the Project Folder, expand the VCC_RTOS library, then expand the
MultipleServiceRTOS cell.

4. Instantiate the symbol view in your design.
5. Repeat steps 3 and 4 for the following lib.cell:views:
0 VCC_CPU.SimpleCPU:symbol
O VCC_ASIC.SimpleASIC:symbol
O VCC_Memory.SnoopyCache:symbol
O VCC_Memory.SimpleMemory:symbol
6. To add a bus to the diagram:

0 Choose Architecture > Bus.

0  Click in your diagram to indicate the starting point of the bus, move your cursor, then

double-click to terminate the bus.
The length of the bus doesn’t matter; you’ll modify it later.
7. Repeat step 6 until you have three buses in your diagram.

Your diagram should contain these instances:

Eﬁhmhilecturﬂ =

Mukipl
(Y Sorvice (Y
E-TOE

E
O ax
Vv VvV

March 2001 19
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Specify Bus Properties

1. To specify properties for each of the buses, right click on the bus and choose Properties
from the pop-up menu.

The Properties dialog prompts you for the Library Name and Cell Name of the bus.

Bis | somvica Dsstminn | Podmacs | Feplsssnision | s |
| e |
ol i fC. I~ Wile
Fiascuscs {ype E |
Iraisrce Hans | I Wbl
Labai | I ‘Wb
Fhage Wil 11 11
bl b j

[ ]_cses | |

You will specify two of these buses as FCFSBus and one as an InterruptBus.
2. Click Browse and open the VCC_Bus library in the browser.
3. Click the FCFSBus cell name, then click Open.

The Properties dialog displays the library and cell names.

Hia |s.-.u¢umm|w:| Vapdarinn | Ts |

Uyt [T B |
el b [FCFiEun [ Wl
Faccses Tups rﬁ. ﬂ
Irsisrce Hane | ™ Wil
Lk | I ‘Wb
e i

[ w10 bl s | j

| Cawd | ik |
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4. Click Visible next to the Cell Name field.

This displays the FCFSBus cell name on the bus graphic in the diagram.
Click the Resource Type down arrow and choose Data Bus.

Click OK in the Properties dialog.

Repeat steps 1 through 6 for the second bus and configure it as an FCFSBus cell.

© N o O

Repeat steps 1 through 6 for the third bus and configure it as an InterruptBus cell,
specifying the Resource Type as Bus.

Now you are ready to wire the blocks and buses in your architecture diagram.

9. To save this diagram, choose File > Save and specify the library.cell:view as
Tutorial.arch_system:arch.

Note: If you were unable to instantiate these architecture blocks and specify the bus
properties:

0 Close your Tutorial.arch_system:arch cellview
0 Open Tutorial Examples.Example4:arch

0  Save the example as Tutorial.arch_system:arch
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Wire the Architecture Blocks

Architecture communication wires can connect blocks to blocks or blocks to buses.

When you complete the wiring steps in this section, your diagram should look like this:

y L )

Sinp b
Mot T

< FEFSHu >
-
Tinp b

-a ARTE ] NS G B RN

nogeids

< -
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Organize the Blocks

1. Arrange your blocks similar to this diagram:

Multiple
[ Service
RTOS o

<

Notice that the SnoopyCache block is flipped to make wiring easier.
2. To flip the SnoopyCache block:
0  Click the block to select it.

Make sure you've selected the block and not a port. Bright green markers appear in
all four corners of a block when it is selected.

0 Choose Layout > Flip Vertically.

3. To stretch the buses, click on the end of the bus symbol and drag your cursor.
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Wire the Blocks
1. To connect the RTOS to the CPU.:
0 Choose Architecture > Scheduler Assignment.
0  Click the output port of the RTOS, then click on the input port of the CPU.

The connection looks like this:

This connection is not an ordinary communication wire; it is a scheduler assignment. A
scheduler represents a scheduling policy for an architecture resource that governs how
the behavior models assigned to the resource gain access to and share the resource.

2. To connect the CPU to the FCFS and Interrupt buses:
0 Choose Architecture > Communication Wire.

0  Click the bottom output port of the CPU, then click on the edge of the FCFS bus
below.

0 Repeat this process, connecting the right output port to the Interrupt bus.

The connections look like this:

<€— Interrupt Bus

Binp b
=

FerEEw -<4— FCFSBus
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3. To connect the ASIC to the FCFS and Interrupt buses:
0 Choose Architecture > Communication Wire.
0  Click the bottom output port of the ASIC, then click on the edge of the FCFS bus.

0 Repeat this process, connecting the left output port to the Interrupt bus.

The connections look like this:

] <¢— Interrupt Bus

<: <-—— FCFSBus

i b
g Az

(7]
i

4. To connect the SnoopyCache to the FCFS bus:
0 Choose Architecture > Communication Wire.

0  Click either of the top output ports of the SnoopyCache, then click on the edge of
the FCFS bus above the block.

0 Repeat this process, connecting the other top output port to the same FCFS bus.

0 Repeat this process, connecting the bottom output port to the FCFS bus below the
block.

The connections look like this:

rer > ~-—— FCFSBus

> --—— FCFSBus
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5. To connect the SimpleMemory to the FCFS bus:

0 Choose Architecture > Communication Wire.

0  Click the output port of the SimpleMemory, then click on the edge of the FCFS bus
below the block.

The connection looks like this:

Binp b
T

FCFSHua 3

Your completed diagram with all the blocks and buses connected looks like this:

Binple
Bacois

6. To save theTutorial.arch_system:arch diagram, choose File > Save.
Note: If you were unable to wire these architecture blocks:
0 Close your Tutorial.arch_system:arch cellview
0 Open Tutorial Examples.Example5:arch

0  Save the example as Tutorial.arch_system:arch

March 2001 26 Product Version 2.1



VCC Architecture Services Tutorial
Architecture Services Tutorial

Bind the Views

Performance analysis in the VCC environment requires a performance view for each
architecture primitive. The performance view describes how the behavior that runs on the
model affects the performance of the design.

An architecture model can have more than one performance model. When you bind a
performance view to an architecture model, you tell VCC which performance model to
implement when it performs a simulation.

Each of the architecture blocks in the diagram is bound to a specific view:

MultipleServiceRTOS fifo_sched

SimpleCPU processor
SimpleASIC asic
SnoopyCache cache
SimpleMemory memory
FCFSBus bus
InterruptBus bus

1. To open the Bind View dialog, right click on a block and choose Bind View from the pop-
up menu.

The Bind View dialog lets you choose from a list of appropriate views. The choices are
different for each type of architecture block.

Bind View EH

Wiew Mame: Ififa_sched j

2. To bind a view, click the down arrow, choose the appropriate view, then click OK.

Note: If the correct view is already specified, you can click Cancel in the Bind View dialog.
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Service Declarations

Each architecture component has an associated service declaration. A service declaration
represents how the resource communicates with other architecture resources and
communication services. Each service declaration is specified with a Name, Type, and Value.

The service declarations for the components used in this diagram are already specified, so
you don’t need to specify them.

1. To view the service declarations, right click the block and choose Properties from the
pop-up menu.

2. Click the Service Declaration tab.

m  Service declarations for MultipleServiceRTOS

Properties =] E3

Name | Type | Value |;
lbG LCETgpe | @G Times LCI Tipe™I'CC_Sendee Declgrations™, "Lib COeclavation”, " sendceDeci]

schedint | LOW e @CC Tipes LOI Tipe™ Y CC_SenviceDeciarations”, “SohedwierinitDeciaration”, "bik_sendceDecil
mutexes | LCW e @CC_ Tipes LOI eV CC_SenviceDeciarations® "SWMatex Decigration”, "bii_ sendceDecl
Interrapts | LOW Tpe | @CC Tipes LOI eV CC_SenviceDeciarations” “"SWinterruptDecfavation®, “bik_sendcelec ]
tmers LCETgpe @ CC Tigmes LCY Tipe™ Y CC_SendeeDecigrations”, "SI TTmerDecigration”, "bli_ sendceDec]

m  Service declarations for SimpleCPU

Properties M= E3
Block I Parts ErlEE_f_}_{iEE_PE_El__f_l_@_t.i_?____:l F'eth:nrmancel Implementatianl
Name | Type | Value |;
schedinit LCW e @IWCC_ Types LOK Tipe V0 C_Sendce Decigrations”,"SchediierinitDeciaration”, "bik_ senviceleci™]
delays Ll Tipe | @IPCC Tiwes LOKTipe W0 C_SendeeDecigrations”, "DelgyDeciaration”,"blk_senice Deci”}
stack Ll Tipe ) @ICC Tiwes LCK Timer W CC_Senice Decliarations”, "Stack Declaration”,"bii_ senice Deci’]
hypeinfo LClTime ) @ICC Tiwes LCKTiper VG C_Senice Declarations”, “implementationsizeDecliaration”, "bii_senice Deci”]
memdceess LI e @WYCC Tipes LCW Tipe™ YO C_Senice Declarations”, " Memongd coessDeciaration”, "blk_ sendiceDeci’]
Interrupts LI Tipe ) @ICC Tiwes LOK Tipe WO C_Sendce Deciarations”, “interruptDeciaration”,"blk_senicelDeci™}
InstCost LI Tipe ) @ICC Tiwes LCK TipeWCC_Setvice Declarations”, “instroction CostDeciaration”, " bii_ senicelec™]
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m  Service declarations for SimpleASIC

Properties _ (O]

Block ] Ports  §
Name | Type | Value |A
- memory | O T | @VCC Tiges LY Tyne™PCC_SendceDecfarations”, “Slave Declaration”, "bik_sendceDec}

delays Lo Type  @ICC_ Tipes. LCK Tiwe™lWCC_SendceDeciarations®, "DelgyDecigration”, "bif_sendiceDecl’]

schedingt) LCITge | @V CC_ Tipes LW Tipe"IYCC_SendceDeclarations”,"SchediierinitDec iaration”,"bii_ senice Deci’]

+typeinfa | LCETime  @CC Tipes LCK Tiwe™IYCC_SeniceDeclarations®, “implementationSizeDecigration”, "bif_setviceDec ]

Performance ] Implementation ]

F
s

m  Service declarations for SnoopyCache

Properties M=l

Black ] Ports
Name | Type | ‘I.r'alue |.
+ - cachesfaveFace | LCKTpe @ICC Tipes LI Tne™ Y CC_SeniceDeclarations®, "SiaveDecigration”, "bif_senice Dec ]

F] - cacheSnoopFace | LCW Tpe  @IYCC Tipes LOI Tipe™YCC_Senvice Declarations®,"SnooperDecizration”, "bif_setvice Dec ]

m  Service declarations for SimpleMemory

Properties M=l

Black ] Ports
Name |Type |‘I.I'alue |.
Fmemoty | LG e @ICC_ Tipes LOK el CC_SeniceDeciarations”, "SiaveDecigration”, "bif_sendceDec ']

m  Service declarations for InterruptBus

Properties M=l E3

Bus

Performance] Implementatlnn] Style ]

Name | Type | Value |A
- interruptController | LG e | @Y O0_Types LCVType!™YCC_ServiceDeclarations", "InterruptDeclaration”, "bik_serviceDec!"}

m  Service declarations for FCFSBus (both buses)

Properties =]

Bus

Perfnrmance] Implementation] Address Allocation] Style ]

MName | Type | Value |A
+-busarhbiter | LCE e @VCC_Types LOWType{"vOC_ServiceDeclarstions", "FCFEArbiterDeclaration”, "bik_serviceDec!"}
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Architecture Services

Each architecture component view has an associated service binding. Each service binding
is specified with a Name, Type, and Value. The Name is the same name you saw in the
“Service Declarations” section.

The service bindings for the components used in this diagram are already specified, so you
don’t need to edit them.

1. To view the service bindings, right click the block and choose Edit View from the pop-
up menu.

2. Inthe Edit View dialog, select the view whose service bindings you want to view and click
OK.

The service bindings shown here are for the views you specified in the “Bind the Views”
section.

3. Click the Service Binding tab.

m  Architecture service bindings for MultipleServiceRTOS

Properties EE
Parameters  Semvice Binding |
Name | Type | Value |:
lhc L e @WCC_Types LOWType{™YCC_ArchiectureServices" "StandardCLibrary” "blk_service"}
schedingt | LCY Tee | @Y 00 _Types LOWType{"CC_ArchitectureServices", "StaticPriorityScheduler”, "hlk_service"}
mntexes | LCI Twee | @YW OO _Types LOWType{™CC_ArchitectureServices", "SyvWhiutexes", "hik_service"}

Interrapts | LOY Tee | @Y 00 _Types LOWType{"CC_ArchitectureServices", "Swinterrupts", "bilk_service"}
timers L Tawe  @WCC_Types LOWType{™YCC_ArchiectureServices", "SWTimers", "hlk_service"}

H H

March 2001 30 Product Version 2.1



VCC Architecture Services Tutorial

Architecture Services Tutorial

m  Architecture service bindings for SimpleCPU

B ¥YCC_CPU. SimpleCPU:proceszsor cpu_bss =] E3

/% Processor Basis File, Version 1.0 %/ -

AT 8ynmtax is inst,<instructions,<cycle count> ¥ —

/4 Load From Data Memory

inst,LD,1.0

/¢ Load Immediate Walue

inst,LI,1l.0

/4 Store To Data Mewmory

inst,3T,1.0

A4 Simple ALU Op (char, short int, int, long int, single float, double float)

inst,0P.c,1.0

inst,0P.=,1.0

inst,0F.1,1.0

inst,0F.1,1.0

inst,0P.£,1.0

inst,0F.d,1.0

A4 Maltiplication (char, short int, int, long int, single float, double f£loat)

inst,MUL.c,1.0

inst,M0L.=,1.0

in=st,MUOL.i,1.0

inst,MUOL.1,1.0

inst,MUOL.£,1.0

m  Architecture service bindings for SimpleASIC

Properties EHE
Parameters ______
Name | Type | Value |;
ey L Tpe | @ CC_Types LOWVType{"WVCC_ArchitectureServices", "Memory”, "hik_service"}
delays L Tpe | @ CC_Types LOWType{"CC_ArchitectureServices", "AsynchronouzDelays", "blk_service"}
schedinit L Type | @ CC_Types LCWType{"VCC_ArchitectureServices", "StaticPriorityHWScheduler”, "blk_service"}
typelnfo LK Tye | @ CC_Types LOVType{"VCC_ArchitectureServices", "ASICTypeSize”, "hlk_service"}
siaved dapter LT e | @ CC_Types LOWVType{"WVCC_ArchitectureServices", "FCFSSlavetdapter”, "blk_service"}
basAdapter LOF e | @ CC_Types LOWType{"VCC_ArchitectureServices", "FCFSBusAdapter”, "hik_service"}
InterruptRequest | LCI Type | @WCC_Types LCVType{"CC_ArchitectureServices", "interruptBus Adapter”, "blk_service"}
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m  Architecture service bindings for SnoopyCache

Properties [ 7]

Parameters |

Name | Type | Value |*-
+cacheliaveFace | LCITee  @YOC_Types LOVType!™YCC_ArchitectureServices", "Cache", "blk_service"}

+ - cachebpoopFace | LCK Toe  @WOC_Types LCVType!™CC_ArchitectureServices", "Cache", "blk_service"}

+ - shoopd dapter LCL Tpne | @M CC_Types LCWType{"™/'CC_ArchitectureServices" "FCFSSnoopet”, "hik_service"}

- sigved dapter LK Tyme | @Y OO _Types LCVType{™/CC_ArchitectureServices", "FCFEElavesdapter”, "blk_service"}

+ - brsddapter LK Tgee | @Y CC_Types LCVType{"CC_ArchitectureServices", "FCPEBus Adapter”, "blk_service"}

m  Architecture service bindings for SimpleMemory

Properties

Parameters i 2 l
Mame | Type | Value |.
| e mory Ll Type  @WCC_Types LOW Type{"VCC_ArchitectureServices", "Memary™, "hbik_service"}

] slaveddapter LCIFTwe @WVCC_Types LOCWType{"vCOC_ArchitectureServices", "FCFESlave Adapter”, "hlk_service"}

m  Architecture service bindings for FCFSBus (both buses)

Properties EH

Parameters i

Name | Type | VYalue |-
+ - busdriter LCF e @VCC_Types LOWType{"vCC_ArchitectureServices", "FCFSArbiter”, "bik_service"}

m  Architecture service bindings for InterruptBus

Parameters i

Name | Type | Value |A
] interruptControfler LI Tpe | @ CC_Types LCWType{"WCC_ArchitectureServices", "InterruptBus", "blk_service™}
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Specify Parameter Values

There are many parameters associated with an architecture block. In this section, you will set
the parameter values for your blocks to the values shown in the following examples.

1. To display the parameters, right click the block and choose Properties from the pop-up
menu.

2. Click the Performance tab in the Properties dialog.

3. To expand the parameters, click the plus sign before the parameter group headers.

4. To edit parameter values, double-click in the Value field.
0  If the value is a number, type the new number.
0 Ifthe value is a library.cell:view, use the browse button (...) to locate the lib.cell:view.
0 If the value is Boolean, you can type True or False or choose from the down arrow.

0 Some parameter values look like this:
@VCC_Types.SchedulerOverheadType{0.0,0.0,0.0,0.0}

These values represent the heading for a group of values. When you enter the
individual values under that heading, the values are appended together and
displayed with the group heading. You do not need to enter the values for the group
heading.

5. To save the parameter values and close the Properties dialog, click OK.
6. Set the parameter values for each block as shown in the following examples.

m  Parameters for SimpleMemory

Properties M=l E3

Black I Parts I Service Declaration P MMarnce : Implementationl
Name | Type | Value | @:
= }_, ey

:3_, Reagdlatency Real 0.24 O

:3, irite Late pey Real 1.8 O

}, Setuplatency Real oo O

e WordSize integer |32 O

:3_, BurstModeSupported | Boolean  Falze O

:3, ShooplDuration Real oo O

March 2001 33 Product Version 2.1



VCC Architecture Services Tutorial
Architecture Services Tutorial

m  Parameters for MultipleServiceRTOS

Properties [_ O]
Block, I Ports I Service Declaration  Performance |Imp|ementation|
Name | Type | Value | @;
= }_, fita_sched
)_, TickISRIinterruptNumber Unsigped 1 O
)_, Maximumhumber O Nimers | Unsighed 4 O
)_, TICkISR Ovierbead Real 0.0 O
)_, TickHandlerOverhead Real 0.0 O
)_, TimerResolution Integer ] O
)_, UseHW Timer Baaolean Falze O
= )_, SehedlerQverbead SehedlerQverbead Tiipe E@WCC_Types SchedulerOverheadType{00000000} 1 7]
A } start_overbead real 0.
} finish_overhead real 0.0
} sispend_overhead real 0.
} restme_overhead real 0.
)_, Maximumhivmber OfMutexes  Unsighed 4 O
)_, LargerPriovityvisHigherPriority| Boolean True O
)_, SehedlerPreemptionShile SehedilerPreemptionShie Tivoe | Suspend O
B e _sched A
)_, TickISRIinterruptNumber Unsigped 2 O
)_, Maximumhumber O Nimers | Unsighed 4 O
)_, TICkISR Ovierbead Real 0.0 O
)_, TickHandlerOverhead Real 0.0 O
)_, TimerResolution Integer ] O
)_, UseHW Timer Baaolean Falze O
a )_, SehedlerQverbead SehedlerQverbead Tiipe E@WCC_Types SchedulerOverheadType{00000000} 1 [T
} start_overbead real 0.
} finish_overhead real 0.
} sispend_overhead real 0.
} restme_overhead real 0.
)_, Maximumhivmber OfMutexes  Unsighed 4 O
e Uwantuom Real oo O LI
Click the plus signs to expand these headings. Double-click the value field, click the
Do not enter values for these parameter down arrow, then select Suspend.
headings.
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m  Parameters for SimpleCPU

Black. I Parts I Service Declaration  Performance | Implementatinnl

Name | Type | Value | @;
= }_,, PROCESS0F
> ] Baolean True O
> ICPviortiesOn Baolean Falze O
> Merge Transactions Booleah Falze O
> Merge TransactionSegmentButterSize | Integer 1 O
= > TypelSizeSpecification @CE Ties Sire OfspecFeation a1 d4244M™ O
A (\f., Int Unsigped 4
(\f., double Unsigped 3
(\f., char Unsigped 1
(\f., lang Unsigped 4
(\f., shoet Unsigped 2
(\f., polnter Unsigped 4
(\f., ahigarment Unsigped 4
(\f., vieWw String "
> BusidapterPrioriby Unsigped 0 O
> MNupberOfiR Qs Unsigped 4 O
> Max TimeSpanForMerged Transactions | Real oo O
> MaxBytes Oferged Transactions Inteer 0 O
e GRS Real 1000000.0 O
> BitsPerByte Unsigped 3 O
> Wordsize Unsigped 4 O
> CarmunicationMade @CE Tipes MemondcoessPerfode Bu=Traffic O
> Datalrite Mode @CE Tipes MemondcoessPerfode Bu=Traffic O
> DataReadMode @CE Tipes MemondcoessPerfode Bu=Traffic O
> InstructionMode @CE Tipes MemondcoessPerfode Bu=Traffic O |
Yy StackSize Unsighed 1024 O LI
Click the plus sign to expand Double-click the value field, click the
this heading. Do not enter values down arrow, then select Bus Traffic.
for this parameter heading.

This is an empty string. Type an
opening and closing quotation mark.
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m  Parameters for SimpleASIC

Black. I Parts I Service Declaration  Performance | Implementatinnl
Name | Type | Value | @;
= }_,, aslc
= > TypelSizeSpecification Size OfSpecification 45814244M O
A (\f., Int Unsigned 4
(\f., double Unsigned 5]
(\f., char Unsigned 1
(\f., lang Unsigned 4
(\f., shoet Unsigned 2
(\f., polnter Unsigned 4
(\f., ahigarment Unsigned 4
(\f., vieWw String "
= > SchedwlerOverhead SchedwlerOverhead Tipe 00000000% O
A (\f., start overhead real oo
(\f., finish_overhead real oo
(\f., sHspend overhead real oo
(\f., resime averhead real oo
> SchedwlerPrecmptionShele SchedwlerPreemptionShele Thvpe | Suspend O
> L argerPrioribelsHigherPriority | Boolean True A O
> BitsPerByte Unsigned 5] O
> Wordsize Unsigned 32 O
> BusidapterPrioriby Unsigned o O
> Shoopluration Real oo O
> Readlatency Real oo O
> Wiritel atency Real oo O
> Setupl atency Real oo O
> BurstModeSupported Boolean Falze O zl
Double-click the value field, click the
down arrow, then select Suspend.

Click the plus signs to expand
these headings. Do not enter values
for these parameter headings.
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m  Parameters for SnoopyCache

Block I Farts I Service Declaration  Performance | Implementatiunl

Name | Type | Yalue | @;

= :}__, cache
}_, CacheContentTipe CacheContentType BOTH O
:__, CachesSize Integer 32 O
}_, Iardsize Integer 2 O
:__, LineSize Integer g O
}_, Associativity Integer 1 O
:__, CacheReplacePalicy CacheReplacePalicy | LRU O
}_, CacheHitlA it Policy CacheHitlitePolicy | HIT_WRITE_BACK O
:__, CacheMissWiritePolicy | CachelisslAirite Palicy ) MISS WRITE_ARCURND O
}_, CacheShoapPalicy CacheSnoopPalicy WRITE_MYALIDATE O
:__, CacheReadlatency real 013 A O
}_, CachelliriteLatency real 0.ov O
:__, CacheMissPenalty real 0.0 O
e FlxHitRatio boolean Falze O
:__, HitRatio regl 0.3 O
o Collecttatistics boolean True O
:__, Cachelnvalidatelatency FReal 0.25 O
}_, CacheBusPriority Unsigned 0 O |
:__, Snoopluration Real 0.0 O ﬂ

Double-click the value field, click the
down arrow, then select the value.
m  Parameters for FCFSBus (both FCFS buses)
Properties [_ (O] x]

Bus I Sermvice Declaration P | Implementationl Address Allocationl Style I

MName | Type | Value | @;‘
O

E},bus

}__, ArbitrationOverhead Real 0.0

m  There are no parameters for the InterruptBus.
7. To save theTutorial.arch_system:arch diagram, choose File > Save.
Note: If you were unable to specify the parameters for these architecture blocks:
0 Close your Tutorial.arch_system:arch cellview
O Open Tutorial Examples.Example6:arch

0 Save the example as Tutorial.arch_system:arch
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Generate a Netlist

The Generate Netlist function verifies the syntax of your code and reports any errors.

1. To generate and verify the code for this architecture diagram, choose Tools > Generate
Netlist.

The text field at the bottom of the VCC window reports that the code generation was
successful or it reports the cause of any errors.

2. Ignore the following messages that the Child port on the RTOS is unconnected.

Warning: The port ‘Child’ is not connected.
{in /(Tutorial.arch_system:arch)|_0.Child}:

Warning: Some ports in the instance ‘MultipleServiceRTOS(I_0)’
are not connected. {in /(Tutorial.arch_system:arch)I_0}.

0  Warnings do not cause the code generation to fail.
0  Errors cause the code generation to fail.

m  Successful code generation message:

Info: Code generation for Tutorial.arch_system:arch was successful.

m  Unsuccessful code generation message (caused by a missing parameter value):

Error: The parameter “<parameter name>" has no value.
{in /(Tutorial.arch_system:arch)I_0}.

This error message is only a sample. You might see other types of messages, but the
information in the message should help you correct your design.

Note: If you don’t know which block is causing the problem (in this example error
message, it's |_0), right click on a block and choose Properties. The Block tab contains
information about the Instance Name.

3. Correct any errors and run Tools > Generate Netlist until the code generation is
successful.

Note: If you are unable to generate the code for the architecture model:
0 Close your Tutorial.arch_system:arch cellview
0 Open Tutorial_Examples.Example6:arch
0 Save the example as Tutorial.arch_system:arch
4. To save the architecture model, choose File > Save.

5. To close the architecture model, choose File > Close.
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Create a Mapping Diagram

A mapping diagram lets you map your behavior diagram to your architecture diagram,
simulate the performance, and analyze the results.

1. Choose File > New.

Diagrarn | Source Codel Analysi&l

e Architecture
B3 B ehavior

Drezcription

Select the type of document to create.

]

| Cancel

2. Choose Mapping and click OK.

A new empty design titled Mappingl opens.

¢4 Mappingl

KIS

Note: To toggle the grid on and off, choose View > Grid.
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Instantiate Behavior and Architecture Blocks
1. In the Project Folder, expand the Tutorial library, then expand the behav_system cell.
2. Click the behav symbol view and drag it to the mapping diagram.
3. In the Project Folder, expand the Tutorial.arch_system cell.
4. Click the arch symbol view and drag it to the mapping diagram.

Your mapping diagram now looks like this:
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Add Mapping Connections

1. Choose Mapping > Mapping Connection.

2. To draw a mapping connection from the Adder to the RTOS, click on the Adder in the
behavior diagram, then click on the RTOS in the architecture diagram.

Your diagram now looks like this:
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3. Choose Mapping > Mapping Connection.

4. To draw a mapping connection from the Multiplier to the ASIC, click on the Multiplier
in the behavior diagram, then click on the AS/C in the architecture diagram.

Your diagram now looks like this:

1]
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Add Performance Views

/ Important

Under no circumstances can you make a copy of Example 7 and skip steps 1-6. You
can avoid all other steps in the “Creating a Mapping Diagram” section by using the
examples in the Tutorial Examples library, but you MUST perform steps 1-6

yourself.

You will now add a new DSL (delay scripting language) performance view to the Adder
behavior block and a delay performance view to the connection between the Adder and the

RTOS.

1. To add a new performance view to the Adder, right click on the Adder symbol, and
choose New View from the pop-up menu.

Hew View

" Behavior Diagram
— Behavior Models
™ Clearbox 5TD

" Clearbox Textual SOL
™ ihitebox ©
" Blackhox C++

Create a new view to define the
performance of this block as a
delay zcript model.

Thiz choice brings up a zource
editar with a delay script madsl
with the ports already declared.

Mate that, there should be at
leazt a behavior model
imp|nmnnlnr| under the same

. .&nnotatedt
" Annotated CPP

— Implementation Models
" Blackbox - Software

" whitebox - Software
" Device Driver
" Werilog

cell

= WHDL

ok |

Wiew Marne:

Idela_u

Cancel |

Select Delay Script

2. In the Performance Models section, choose Delay Script, then click OK.

A dialog ask if you want to update the interface of the adder.

3. Click Yes in the dialog.
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The delay scripting language file (perf.dsl) for the performance model opens:

B add_mult adder:delay1 perf.dsl [ _ (O] x]

{

S48 add wiewport declarations here for any applicable wiewports:
A4 wiewport <wiewmportTyper <viewportMNames::

A4 add attribute declarations here for any architecture attributes of interest:
A4 attribute <attributeType> <attributeName:

delay model ()

TG

pragma "DELAY MODEL_VERIION™

[

A4 Aadd delay statements anywhere throughout the body of this scripr:
/) delay|'<expression='):

input(iz) ;
input(il);

runi);

output(o) 2

4. Add the delay expression delay(‘10.0’), so the script looks like this:

delay maodel ()

{

A4 Add delay statements anywhere throughout
A4 delayi'<expressions'):

input(iz):
input(il);

runil:

delay('l0.0"'); ~®———— Add this delay expression
output (ol ;

5. To save the perf.dsl file, make sure the perf.dslfile is the active file, and choose File >
Save.

6. To close the perf.dsl file, choose File > Close.

7. To set the performance view for the mapping connections, select the connection wire
between the Adder and the RTOS.

Make sure you see the green markers at each end of the wire.
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8. Right click and choose Properties from the pop-up menu.

9. Click the browse button (...) next to the Performance View field.

M amne ILinkEI
Connected From: IEEhaViDrﬂ_E
Connected To: I.-'l'-.rchitecture.-"l_ﬂ
Connection Type: IEDmputatiDn

Performance Wigw: IdELﬂ.'r' |

Implementation YWigw: I |

10. Click the down arrow for Performance View and choose delay.

11. Click OK in the Bind View dialog, then click OK in the Properties dialog.

March 2001

45

Product Version 2.1



VCC Architecture Services Tutorial
Architecture Services Tutorial

Specify a Memory Segment Parameter

The SimpleCPU requires a Memory Segment parameter. The value for this parameter is the
instance name of the SimpleMemory block.

1. To find the instance name of the SimpleMemory block, right click on the block and

choose Properties.

Note: Look for the green box around the SimpleMemory block to make sure you've
selected the block and not a port or the entire model.

The Block tab contains information about the Instance Name. For this example, the
instance name is |_3.

. Make a note of the instance name of the SimpleMemory block.
You will use this instance name for the mem parameter in step 6.
. To close the Properties form, click Cancel.

. To specify a Memory Segment parameter for the SimpleCPU, right click on the
SimpleCPU architecture block, and select Properties from the pop-up menu.

Note: Look for the green box around the SimpleCPU block to make sure you've
selected the block and not a port or the entire model.

Properties =]

|EI|:u:k I Parts I Semwvice Deu:laratiu:unl F'erh:urmanu:el Implementatinnl

| Type | Value |_-
LinkerSegmentinta @ CC_Types LinkerSegmentinfo{@vCC_Types LinkerSegmert Type  STACK ...
:\__v hype LinkerSegmentType | @VCOC_Types LinkerSegmentType: STACK
:\__,, e MemonsParicipant 3"
:\__v offset Addeiress @O Types Address{0x0 @Y CC_Types AddressSetting:: Flosting }
:\__,, size SegmentSizeEstimate [@VO]_TYPES Segment=izeEstimate{1024 True}
:\__v cacheabis | Boolean True
Click the plus sign to expand Enter the value “I_3", including the
this parameter heading. opening and closing quotation mark.

. Click the Memory Segment tab, and expand the stack parameter heading.

. Enter the instance name of the SimpleMemory block as the value for the mem
parameter.

You must include the opening and closing quotation marks in the value. For example
HI_3H.
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7. To save the parameter values and close the Properties dialog, click OK.
8. To save the Mapping diagram, choose File > Save.
9. Double-click the Tutorial library icon in the browser.
10. Specify the file name as mapping_config, and click Save.
11. When you are asked if you want to save the configuration for this design, click Yes.
Save the configuration as Tutorial.mapping_config:config.
Note: If you are unable to complete the mapping diagram:
0 Close your Tutorial. mapping_config:mapping cellview
0 Open Tutorial_Examples.Example7:mapping

O Save the example as Tutorial. mapping _config:mapping
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Add a Mapping Pattern

To refine your simulation, you can map a communication wire to a communication pattern that
models specific protocols between the sender and receiver. To transfer a small data token,
you can use the RegisterMappedSwHw pattern in which the data is transferred directly to
a register on the ASIC.

1. To instantiate the RegisterMappedSwHw symbol in this mapping diagram, do the
following:

O Inthe Project Folder, expand the VCC_Patterns library, then expand the
RegisterMappedSwHw cell.

0 Click the RegisterMappedSwHw symbol view and drag it to the behavior model in
the mapping diagram.

2. Place this symbol near the upper input port of the Multiplier.

Your diagram now looks like this:

Fagebe Koy
EL

3. Choose Mapping > Mapping Connection.

4. To draw the mapping connection, click on the upper input port of the Multiplier, then click
on the RegisterMappedSwHw.
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Your diagram now looks like this:

P

5. Right click on the RegisterMappedSwHw symbol and choose Bind View from the pop-
up menu.

6. Choose proto and click OK.
The proto view models the refined simulation of the protocol.
7. To save the Mapping diagram, choose File > Save.
Note: If you are unable to add the mapping pattern:
0 Close your Tutorial.mapping _config:mapping cellview
O Open Tutorial Examples.Example8:mapping

0  Save the example as Tutorial. mapping_config:mapping
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Generate a Netlist

1. To generate a netlist for the mapping diagram, choose Tools > Generate Netlist.

m Ignore the following messages that the Child port on the RTOS is unconnected.

Warning: The port ‘Child’ is not connected.
{in /(Tutorial.arch_system:arch)I_0.Child}:

Warning: Some ports in the instance ‘MultipleServiceRTOS(I_0)’
are not connected. {in /(Tutorial.arch_system:arch)|_0}.

O  Warnings do not cause the netlist generation to fail.
0  Errors cause the netlist generation to fail.

m  Successful netlist generation message:

Info: Code generation for Tutorial.behav_system:behav was successful.
Info: Code generation for Tutorial.arch_system:arch was successful.
Info: Code generation for Tutorial. mapping_config:mapping was successful.

m  Unsuccessful netlist generation message (caused by a missing parameter value):

Error: The parameter “<parameter name>" has no value.
{in /(Tutorial.arch_system:arch)I_0}.

This error message is only a sample. You might see other types of messages, but the
information in the message should help you correct your design.

Note: If you don’t know which block is causing the problem (in this example error
message, it's |_0), right click on a block and choose Properties. The Block tab contains
information about the Instance Name.

2. Correct any errors and run Tools > Generate Netlist until the code generation is
successful.

Note: If you are unable to successfully generate your code:
0 Close your Tutorial.mapping_config:mapping cellview
0 Open Tutorial _Examples.Example8:mapping
0 Save the example as Tutorial.mapping_config:mapping

3. To save the mapping diagram, choose File > Save.
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Run a Simulation

Your completed mapping diagram now looks like this:

1. Choose File > New, then click the Analysis tab.

2. Double-click the Analysis icon.
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The New Analysis Session dialog opens.

i Mew Analysziz Seszion X

Design: ITutn:rial.mapping_cnnfig:mapping J
Session: IT utarial. mapping_config analysiz J
Fesults: IT utarial. mapping_config resulks J
BT ITutn:urial.mapping_cnnfig:Ennfig J

0k, | Cancel |

3. Accept the default names for the simulation session and results file name, and click OK.

Notice that the Analysis menu is added to the main menu bar.
4. Choose Analysis > Initialize.

A dialog prompts you to enter an end time for the simulation.
5. Set the value for End Time to 1000, then click OK.

1000 is a safe value because the memory-related transactions of the simulation will
complete within this time.

An Analysis Cockpit dialog asks if you want to save the session changes.
6. Click Yes in the Analysis Cockpit dialog.

As VCC initializes the simulation, it reports the progress in the text window at the bottom
of the screen.

7. When the text window reports Info:Done, choose Analysis > Go/Continue.
VCC reports the progress in the text window at the bottom of the screen.

8. To view the output of the analysis, open the following directory:
C:\MyWorkspace\Tutorial\mapping_config\results

This directory contains several error, debugging, and information files.
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Note: If you are unable to successfully generate your code:

O

O

O

March 2001

Close your Tutorial. mapping_config:mapping cellview
Open Tutorial_Examples.Example8:mapping
Save the example as Tutorial.mapping _config:mapping

Rerun the simulation.
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Supplemental Exercise:
Add Memory Reference Calls to a Blackbox Model
To call a memory service, you must supply a reference to a memory service declaration. This

exercise annotates memory references in the blackbox model which in turn generate memory
references in the architectural memory hierarchy.

1. In the Behavior diagram you created in the previous exercise, right click the Adder and
choose Edit View from the pop-up menu.

The Edit View dialog opens.

Eatvien |
Library Marme: add_rnult
Cell Mame: adder

YWiew Mame: [select fram lizt]

annotated_cpp
azic]

blk_cpp Choose blk_cpp
delay
poindexter_target
symbiol

whit_c

] |

2. Choose blk_cpp and click OK.

The blk_cpp template text window opens.

BEi add_mult. adder:blk_cpp black.cpp M=] E3
#include "black.h'™ =

#include <azsert.l-

CPP_MODEL_TMPLEMENTATION::CPP_MODEL TMPLEMENTATION (const ModuleProto sproto, Instance!
: CPP_MODEL_INTERFACE (proto, inst)

{
'

woid CPP_MODEL TMPLEMENTATION: :Init()
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3. Right click in the text window and choose Properties from the pop-up menu.

The Properties dialog opens. The dialog defaults to the Parameters tab.

Properties M= E3

Name | Type | value | @ | @J‘
| 3 Parameters

» Functional Mode!

4. Click the Uses tab.

The Uses tab displays only the field titles. There are no defined properties.

Properties M= E3

Handle Name | Service Declaration | Object Type |A

5. Right click in the blank area in the dialog box, then choose New Property from the pop-
up menu.

The plus sign in the Handle Name field indicates that you can enter the name of the
property.
6. Type meminterface in the Handle Name field, then tab to the Service Declaration field.
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7. Click the browser button (...).

The browser opens to your Project Folder.

open HEH|
Loak in: I @ Project Falder j ! ﬁl (e e
add_mult ﬁ\ cycle test ﬁ\VEE_BuS
add_mult_sdirmm ﬁ\ cycle_type ﬁ\VEE_I:F'U
add_mult_sdlomi ﬁ\ CycleEcos %VEE_Defaults
add_mult_spiwani ﬁ\ Tutorial ﬁ\'\-’EE_EMporter:
add_mult_testbench ﬁ\, types ﬁ\VEE_Fi:-:edF‘at
belt_contraller_behaw ﬁ\VEE_!—'«rchitectureS Ervices ﬁ\VEE_Internals
cycle_behv fffs voo_asic ffis T Intemnals
1] |

Yiewr I Cancel

I
Library: I Open I
_ Cancel |

Shaow views with: ISewice Declaration Files [*_zerviceleclh) j

8. Double-click the VCC _ServiceDeclarations library icon.
9. Double-click the MemoryAccessDeclaration cell icon.
The view name defaults to b/k_serviceDecl.

The browser displays the cell and view names you have selected.

pen __________________ HH|

Laok jr: I ﬁ‘ WCC_ServiceDeclarations j @i Use view:
25| BusDeclaration E& InterruptD eclaration ER 5winte | blk_serviceDec
3] D elayDeclaration LibCDeclaration Sunhd g
23 E mptyDeclaration iMemondoceszDeclaration E&SwTin
3] FCFSArbiterD eclaration Scheduler nitD eclaration
4] FCFSSlaveD eclaration Slaveleclaration
3 ImplementationSizeD eclaration SnooperDeclaration
55 InstructionCostD eclaration E& 5tackDeclaration
| i

LCell IMemur}ﬁccessDeclaratiDn Dpen I Create Blackbox
Wiew: Ihlk_sewic&)ecl Eemaz] | @

Shaow views with: Eﬁvice Declaration Files [*_serviceDeclh) j

L Selected Cell name.

Default View name.
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10. Click Open.

11. In the Properties dialog, double-click in the Object Type field and enter the object name
Object.

When you finish, your Properties dialog should look like this:

Handle Namt:l Service Declaration | Object Type
memirterface | @VCCO_Types LOVType{"CC_ServiceDeclarations", "MemoryAccessDeclaration”, "bik_serviceDecl"} | Ohject

Parameters | |

12. Click OK in the Properties dialog.
13. To close the blk_cpp template text window, click the X in the upper right corner.
14. To save the mapping diagram, choose File > Save.
Note: If you are unable to add the service declaration:
0 Close your Tutorial. mapping_config:mapping cellview
0 Open Tutorial_Examples.Example9:mapping

0 Save the example as Tutorial. mapping _config:mapping
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Specify the Performance Model

1. In the Behavior diagram, right click the Adder and choose New View from the pop-up
menu.

The New View dialog opens.

Hew Yiew EHE
" Behavior Diagram Choose how you want to define
— Behavior Models—— [this block:

" Clearbox STD

" Clearbox Testual SDL
€ whitebox C

" Blackbox C++

— Performance Models
™ Delay Script

' Annotated C
 Annotated CPP g Select Annotated CPP

— Implementation Models
" Blackbow - Software

 wihitebos - Software

" Device Driver View Mame:
" Werilog ||
" WHDL

Inf I Cancel |

2. Under Performance Models, choose Annotated CPP, then click OK.
A dialog asks if you want to update the interface of the cell add_mult.adder.
3. Click Yes in the dialog.

The Properties dialog opens so you can specify properties for the view you just created.

Properties EE3

Name | Type | Value | | @JA
| 3 Parameters
)_, Performance Made! "Annotated CPP

e Memony Segments
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4. Click the plus sign in front of the Memory Segments name.

Properties 7| x|
| Type | Value | | @J;
| 3 Parameters
)_, Performance Made! "Annotated CPP
B Memony Segments
}_, data ECC_Types MemorySegmentsize 0" O
}_, code ECC_Types MemorySegmentsize 0" O
}_, bss ECC_Types MemorySegmentsize 0" O

5. Replace the “0” in the Value fields with the following values:

data  "1024"
code "2048"
bss "2048"

Note: You must enclose the values with quotations.

Properties EE
Name | Type | Value | | @J;
| 3 Parameters
}_,, Performance Made! "Annotated CPP"

B Me oy Segrments
> data EWCC_Types MemorySegmentSize " 024" O
> code EWCC_Types MemorySegmentSize | "2048" O
> bas EWCC_Types MemorySegmentSize | "2048" O

6. When you finish entering all the values, click OK.
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Embed Delays

If the add_mult.adder:blk_cpp black.cpp text window is still open, skip to step 3.

1. In the Behavior diagram, right click the Adder and choose Edit View from the pop-up

menu.

The Edit View dialog opens.

Eivien |
Library M arne: add_rnult
Cell Marme: adder

Yiew Mame: [select fram lizt)

annotated_cpp
azic]
blk_cpp -

delay
poindexter_target
gurbal

wht_c

¢ |

2. Choose blk_cpp and click OK.

The blk_cpp template text window opens.

B add_mult. adder:blk_cpp black.cpp

#include "black.h™

#include <azssert.l-

{
'

March 2001

woid CPP_MODEL TMPLEMENTATION::Init()

60

Choose blk_cpp

CPP_MODEL_TMPLEMEMNTATION::CFF_MODEL TMPLEMENTATION (const ModuleProto sproto, Instance!
: CPP_MODEL_INTERFACE (proto, inst)

= 10] %]
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You are going to edit the code of the /nit function.

B add_mult. adder:blk_cpp black.cpp M= E3

#include "black.h'

{
}

{

#include <assert.lx>

CPP_MODEL_IMPLEMENTATION::CPP_MODEL_TMPLEMENTATION (const ModuleProto sproto, Instance!
: CPP_MODEL_INTERFACE (proto, inst)

woid CPP_MODEL TMPLEMENTATION::Init()

il preszent = FAL3E: *
iZ present = FAL3E:
; Init function .
[ v
3. Add the following lines to the /nit function code:

woid CPPF _MODEL TMPLEMENTATICON: :Initi)
{

Fomodule = meninterface.registerModule| thiz); i

I textiey = meninterface.regizterModuleiegunent (module, "code™) ;

dataley = meminterface.regizterModulelegunent (module, "data™);

I hssSeg = meminterface.regizterModuleleguent (nodule, "hss™):

VvC

1l_present = FAL3E:
}12_present = FAL3E; Add these four lines of code. f

C automatically changes keywords to red and blue text.

You are now going to embed a delay in the Run function.

B add mult.adder:blk_cpp black_cpp * _|E

woid CPP_MODEL TMPLEMENTATION: :Run()
i
Infolut << "Bunning adderin';
if (il.Enabled{)]
{
Infolut << "adder has first input I1 enabledin™:
il _present = TRUE:
internal il = il.Value():
Ao Post] 1il.Walue() +iZ.[ffalue()) :

Run function
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4. Add the following lines of code to the Run function code:

woid CPP_MODEL TMPLEMENTATION: :Funf)

neninterface.reference (module, textieg, 320, meminterface.read):
neninterface.reference [(module, textiey, 420, meninterface.write);
neninterface.reference [(module, hzsieq, 640, meminterface.write);

? Add these three lines of code.

These three lines of code introduce the following delays:

0 A delay equivalent of memory read for 320 bytes into the text segment.
0 A delay equivalent of memory write for 480 bytes into the text segment.
O A delay equivalent of memory write for 640 bytes into the bss segment.

5. To save the changes, make sure the add_mult.adder:blk_cpp black.cpp text window
is the active window, and choose File > Save.

6. To open the black.h file, right click in the add_mult.adder:blk_cpp black.cpp text
window and choose Edit black.h.

#include "black interface. h”
#ifndef _black h_
#define _black h_

class CPP_MODEL IMPLEMENTATION : public CPP_HMODEL_INTERFACE
{
public:
CFP_MODEL IMPLEMENTATION({con=t ModuleProto &, Instancelnit &)
wold Init():
wold Runi);
long internal 11:
long internal_12:
bool 11 _present:
bool 12 present:

}:
#endif
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7. Add

the following lines of code to the black.h file:

public:

[

CPP_MODEL IMPLEMENTATION [const ModuleProto &, Instancelnit &):
vold Initi();

volid Funi);

long internal il:

long internal id:

bool il _present;

bool 12 present;

long module:

long textsed; l<——— Add these four lines of code.
long dataleq:; |

long bssleg: |

L= ot

8. To save the changes, make sure the add_mult.adder:blk_cpp black.h text window is
the active window, and choose File > Save.

9. Tocl

ose the text window, click the X in the upper-right corner.

10. To save the Tutorial.mapping _config:mapping, choose File > Save.

11. To analyze the effect of the delays, follow the steps in “Run a Simulation” and run the
simulation.

Note: If you are unable to perform a successful simulation:

ad

O

March 2001

Close your Tutorial. mapping_config:mapping cellview
Open Tutorial_Examples.Examplel0:mapping
Save the example as Tutorial.mapping_config:mapping

Rerun the simulation and analyze the effects of the delays.
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Supplemental Exercise:
Create a Custom Architecture Model

You can create your own custom architecture model and assign architecture services to it.

Create a New Block

1. Choose File > New.

Diagram | Source Codel Analysisl

=4 Architecture
BTS| Cchavior

EF Drawing

] Mapping
Palette

[ State Transition
2l s ymbol

Description
[ Select the tppe of document to create.

L]

| Canicel |

2. Choose Architecture and click OK.

A new empty design titled Architecturel opens.

g

m{

o

3. Choose Architecture > Storage Resource.
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4. Move your cursor into the Architecture diagram and you’ll see a block attached to the
cursor.

5. Click in the diagram to place the block.

m

o o

6. Right click on the block and choose Properties from the pop-up menu.

The Properties dialog opens with the Block tab displayed.

Bicch | Posy | Searvios Declasion| Partomancs | inslesasiston| St |

[P rr- [Foma |- |

(R | mritemon F vaiis

] e H o I'rm-l

Hremaor D T =l
Fatircs Hars | I Vil
Lot | I vadis
[ o | cwet | e |

7. Enter the following values in the Properties dialog:

Library Name Tutorial
Cell Name newMemory
Symbol symbol

8. In the Resource Type field, click the down arrow and choose Read Only Memory.

Do not click OK in the Properties dialog. You will continue using this dialog to add service
declarations.
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Add Service Declarations

1. In the Properties dialog, click the Service Declaration tab.

The Properties dialog displays the default service declaration.

Properties M=l 3
Black. I Ports | 1
Name | Type | Value |A
memary | @ CC Tiges LK Tige @Y CC_Types LCWType{"vCC_ServiceDeaclarations", "SlaveDectaration”, "alk_serviceDec!"}

| Performancel Implementationl Style I

2. To add a service declaration, right click in the blank area of the dialog and choose New
Property from the pop-up menu.

A plus sign in the Name field indicates that you can enter a new service declaration
name.

3. Type newMemory in the Name field and tab to the Value field.
You cannot edit the Type field for these properties.
4. Click the browser button (...).

The browser opens to your Project Folder.

Open HE
Look i I @ Project Falder j !I @i (Vs wiew:
add_mult ﬁ\ cycle_test ﬁ\ WCC_Bus
add_mult_sdlmm ﬁ\ cycle_type ﬁ\\-"EE_EF'U
add_mult_sdlomi ﬁ\ CycleEcos ﬁ\UCE_Default&
add_mult_spwarni ﬁ\Tuturial ﬁ\VCE_E wporters
add_mult_testbench ﬁ\ types ﬁ\‘-p"EE_Fi:-:edF'at
bel_contraller_behay ﬁ\\-’CE_ArchitectureSewice& ﬁ\\-"CE_Internal&
cycle_behy i vor_asic s VCC_Intemals
1] |

Library: I Open
Wi I

i,

Cancel

Shaw views with: ISErvice Declaration Files [*_zerviceDecl.h) j

5. Double-click the VCC_ServiceDeclarations library icon.
6. Double-click the MemoryAccessDeclaration cell icon.

The view name defaults to b/k_serviceDecl.
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The browser displays the cell and view names you have selected.

open ________________ HH|

Lok, i I ﬁ‘ WCC_ServiceD eclarations j @i Use view:
213 Bz eclaration E& InterruptD eclaration ERswinte | blk_zerviceDec]
3 D elayDeclaration LibCDeclaration Suhd
il E mptyD eclaration JiMemorpdccessDeclaration E&SwTin
23 FCFS AvbiterD eclaration ER 5 cheduler nitD eclaration
4] FCFSSlaveD eclaration SlaveDeclaration
A lmplementationSizeDeclaration  EE 5nooperD eclaration
3 InstructionCostD eclaration StackDeclaration
| o

LCell IMemur_l,u'-‘-.ccessDeclaratiDn Dpen I Create Blackbox
Wigw: Ihlk_servic&)ecl Cemaz] | @

Shaow wigws with: Eﬁvice Daclaration Files [*_serviceDeclh) j

L Selected Cell name.

Default View name.

7. Click Open.

Bind the View

1. Right click on the block and choose New View from the pop-up menu.

Hew View [ 7] |

Architecture Model Type
£ HierarchicallMods!

Create a new view to defing this
black az a primitive resource
block.

It brings up a source editar with
proper zource code skeleton or a

. form for defining performance
" Implementation hodel models and parameters.

& Performance Model

Wiew Mame: rom

Rezource Type: IHandu:um Arocess
OF. I Cancel |

2. In the View Name field, enter rom and click OK.

The Properties dialog opens.
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3. Click the Service Binding tab.

4. Double-click in the Value field for the memory service so the browse button appears,
then click the browse button.

The browser opens to your Project Folder.
5. Double-click the VCC_ArchitectureServices library icon.
6. Double-click the Memory cell icon.

The view name defaults to blk_service.

The browser displays the cell and view names you have selected.

N -

Laak, jn: I ﬁ‘ VCC_ArchitectureServices j ﬁl Usze wigw:
fls FCFSSnooper ES sharedFiles W blk_service
G Hw Timer SimpleB st odel
S5 InterruptB us B3 SimpleParallels cheduler
il InterruptBustdapter E& SimpleSingleChanneDbdd
ISR StandardCLibrary

M ermnary StaticPrionityHwS cheduler
55| RoundR obinS cheduler 3 StaticPrionitys cheduler

. 2

Lell: |Memnr_l,l Open I Create Blackbos
e blk_service | .
R I — Cancel

Show views with: ISewice Files [*_service.cpp] j

7. Click Open.
8. Click OK in the Properties dialog.
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A

architecture model

Represents a block in an architecture design. Each model represents a specific
implementation of the block in hardware or software and has implementations written in
Verilog, VHDL, layout description, C, assembly code, or similar languages.

architecture primitive

The lowest-level functional component in a design. Standard primitives are available on
the Architecture menu.

B

behavior diagram
A behavior diagram is composed of ports, parameters, instances, and connectivity.

behavior model

A behavior model in the VCC environment defines the system-level functionality used
during simulation.

behavior primitive

The lowest-level behavior component in a design. Standard primitives are available on
the Behavior menu.

bind a view

When you bind a view to an architeclture block, you tell the VCC system which of the
available performance views to implement when you simulate the block. The different
views can offer differences in accuracy and simulation performance.

C

cellview

The lowest level of the file structure /ibrary.cell:view. Users create and modify data at
the cellview level. When you instantiate an object, you are placing its cellview.

March 2001 69 Product Version 2.1



VCC Architecture Services Tutorial
Glossary

D

diagram (architecture, behavior)
A graphical collection of objects, such as blocks, primitives, symbols, or connections.

diagram (mapping)
A hierarchical design where behavior and architecture models are mapped and
simulated.

E

error

Text message that informs you of unacceptable situations in your design when you
perform a code generation or simulation. Errors cause the code generation or
simulation to fail.

implementation (architecture)

Performance model of an architecture component. Reflects a hardware implementation
of that component.

implementation (behavior)

Clearbox, whitebox, or blackbox description of a model. You can have several
implementations of the same function in a library, each having the same interface, but
with a different implementation.

info
Text message that informs you of the progress of a code generation or simulation.

instance name

As you place a block or primitive in a behavior or architecture diagram, VCC assigns
each object an instance name in the form /_0, /_1, and so forth. VCC refers to
instances by this identifier in parameters and error messages.

instantiate

To place a copy of a primitive component or library.cell:view in a design. In VCC, this is
as simple as choosing a primitive from a menu or clicking on the symbol view in the
project folder, dragging the symbol to your design, and dropping the symbol.
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L

library cell

A path name to identify a cell in the Cadence library structure. Usually it has the form
library.cell.

In the NT file structure, the path is specified as C:IMyWorkspacellibrary\cell.

library cell view

A library element and path name to identify components and files in the Cadence library
structure. It usually has the form library.cell:view.

In the NT file structure, the path is specified as C:IMyWorkspacellibrary\celllview

library
A library is a collection of directories. Each directory contains files such as symbols,

interface files, behavior models, or architecture models.
M

model
A functional representation of a device or system that is delivered in object code format.

model instance
A customized version of a model that has been incorporated into a design.

N

NT
Windows NT. The Microsoft operating system used in a networked environment.

P

parameter

A means by which an application or user can customize the behavior or characteristics
of a model instance when it is created. A parameter has a constant value.

pattern

An arrangement of services that collectively model a communication path from sender to
receiver. Patterns support the modeling of communication between software and
hardware, hardware and software, software and software, or hardware and hardware.
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performance model

A model that estimates time, power, area, cost, and so forth. In the VCC context, a
performance model usually refers to a delay model.

port

Objects in an application that let the model and the application interact during simulation.
Ports can be Input, Output, or I/O.

port data type
Defines the information or fields required in the port data structure for the model to work.

primitive (C++)
A function or operator built into C++. Primitives typically include the arithmetic and logical
operations (such as plus, minus, and, or) and are implemented by a small number of
machine language instructions.

project folder

A project folder contains the libraries you can use with the VCC software. A project folder
is defined by a cds.lib file, which is a listing of libraries.

S

scheduler

Represents a scheduling policy for an architecture resource that governs how the
behavior models assigned to the resource gain access and share the resource.

service declaration

Service declarations are defined in the VCC _InternalServices library, or users can
define their own declarations. A service declaration’s header file declares a set of
functions that define the service in terms of a C++ abstract base class.

service definition

Service definitions implement service declarations. Service definitions are defined in the
VCC_ArchitectureServices library.

simulation time

A representation of the time your design takes to execute. Simulation time is not the
same as elapsed time to run the simulation.
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Vv

VCC

Virtual Component Co-Design. An integrated environment for development of hardware
and software virtual components.

wW

warning

Text message that informs you of unexpected situations in your design when you perform
a code generation or simulation. Warnings do not cause the code generation or
simulation to fail.
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